Substrate specificity and kinetic mechanism of the Sir2 family of NAD+-dependent histone/protein deacetylases.
The Silent information regulator 2 (Sir2) family of enzymes consists of NAD(+)-dependent histone/protein deacetylases that tightly couple the hydrolysis of NAD(+) and the deacetylation of an acetylated substrate to form nicotinamide, the deacetylated product, and the novel metabolite O-acetyl-ADP-ribose (OAADPR). In this paper, we analyzed the substrate specificity of the yeast Sir2 (ySir2), the yeast HST2, and the human SIRT2 homologues toward various monoacetylated histone H3 and H4 peptides, determined the basic kinetic mechanism, and resolved individual chemical steps of the Sir2 reaction. Using steady-state kinetic analysis, we have shown that ySir2, HST2, and SIRT2 exhibit varying catalytic efficiencies and display a preference among the monoacetylated peptide substrates. Bisubstrate kinetic analysis indicates that Sir2 enzymes follow a sequential mechanism, where both the acetylated substrate and NAD(+) must bind to form a ternary complex, prior to any catalytic step. Using rapid-kinetic analysis, we have shown that after ternary complex formation, nicotinamide cleavage occurs first, followed by the transfer of the acetyl group from the donor substrate to the ADP-ribose portion of NAD(+) to form OAADPr and the deacetylated product. Product and dead-end inhibition analyses revealed that nicotinamide is the first product released followed by random release of OAADPr and the deacetylated product.